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I n t r o d u c t i o n
Fe ta l t r a n s c u t a n e o u s c a r b o n d i o x i d e t ens ion i s the o n l y poss ib le
m e t h o d f o r n o n - i n v a s i v e m o n i t o r i n g o f the f e t a l acid base s ta te
d u r i n g l a b o u r . D u r i n g f e t a l r e s p i r a t o r y acidosis t h e c a r b o n
d i o x i d e t ens ion is e l e v a t e d . At least t e m p o r a r i l y th is is also
f o u n d d u r i n g f e t a l m e t a b o l i c ac idosis (1 ) .
By the t r a n s c u t a n e o u s t e c h n i q u e the gas t ens ion of the e x t r a
ce l l u l a r f l u i d in the u p p e r l a y e r o f the sk in i s m e a s u r e d . T h i s
v a l u e r e f l e c t s the gas t ens ion of a r t e r i a l b lood but i t i s m o d i -
f i e d by the c a p i l l a r y b lood f l o w and the p r o d u c t i o n or c o n s u m p -
t ion of gas in the a rea . H e a t i n g of the sk in p r o d u c e s d i l a t a t i o n
of the cap i l l a r i e s . T h i s i s n e c e s s a r y w h e n t r a n s c u t a n e o u s o x y g e n
i s m o n i t o r e d . H o w e v e r , d u r i n g t r a n s c u t a n e o u s c a r b o n d i o x i d e
m o n i t o r i n g th is is not q u i t e as essen t ia l because of a m u c h
h i g h e r t r a n s m i s s i b i l i t y o f t he c a r b o n d i o x i d e t h o u g h t he ep ide r -
ma l l aye r s .
H e a t i n g of the sk in - and the b lood - w i l l cause an e l e v a t i o n of
the t r a n s c u t a n e o u s c a r b o n d i o x i d e t en s ion in r e l a t i o n to the
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cap i l l a ry v a l u e , w h i c h u s u a l l y is m e a s u r e d a t 37°C. The t r anscu-
t a n e o u s c a r b o n d i o x i d e t ens ion s h o u l d be co r rec t ed fo r this
t e m p e r a t u r e d i f f e r e n c e . A d d i t i o n a l l y , t h e c a r b o n d iox ide p roduc -
t ion in the sk in b e t w e e n the cap i l la r ies and the e lec t rode on
the sk in s u r f a c e wi l l cause an e l eva t ion of the t r a n s c u t a n e o u s
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c a r b o n d i o x i d e t ens ion . In p r e v i o u s s tudies this "metabol ic"
c o n t r i b u t i o n to the t r a n s c u t a n e o u s c a r b o n d iox ide tens ion is
e s t i m a t e d to be a p p r o x i m a t e l y 0 .5 kPa ( 2 ) .
The e l ec t rode used i n ^ our s tud ies i s a m o d i f i e d S e v e r i n g h a u s
c a r b o n d i o x i d e e lec t rode ( R a d i o m e t e r E 5230 ) .
S t e r i l i z a t i on impl ies change o f e lec t rode m e m b r a n e , m e c h a n i c a l
c l e a n i n g w i t h a lcohol and s t e r i l i za t ion in f l u i d a l d e h y d e s . The
e lec t rode is c a l i b r a t ed at a 5?i and 10?0 ca rbon d iox ide gas
m i x t u r e i m m e d i a t e l y b e f o r e t h e f i n a l s t e r i l i za t ion w i t h alde-
h y d e s . No d r i f t or c h a n g e in e lec t rode sens i t iv i ty has been
obse rved d u r i n g t h e f i n a l s t e r i l i za t ion p r o c e d u r e ( 3 ) .
A p p l i c a t i o n of the e l ec t rode to the f e ta l scalp can be p e r f o r m e d
u s i n g e i the r a g lue f i x a t i o n t e c h n i q u e or a suc t ion f i x a t i o n
t e c h n i q u e . The g lue f i x a t i o n i s p e r f o r m e d t h r o u g h an a m n i o s c o p e ,
u s ing co t ton swaps to c lean and d r y the fe ta l sk in b e f o r e
a p p l y i n g the e l ec t rode w i t h a spec ia l ly des igned f o r c e p s . In con-
t r a s t , the s u c t i o n f i x a t i o n i s p e r f o r m e d w i t h o u t a m n i o s c o p y and
w i t h o u t c l e a n i n g d u r i n g a v a g i n a l e x a m i n a t i o n , h o l d i n g the
e l ec t rode in the suc t ion r i n g b e t w e e n the two e x p l o r i n g f i n g e r s
( F i g . 1). The e lec t rode is kep t in the pos i t ion by a v a c u u m of 20
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kPa p r o d u c e d by an e lec t r ica l p u m p . We h a v e c o m p a r e d the two
m e t h o d s by s i m u l t a n e o u s l y m o n i t o r i n g a f e t u s w i t h two e lec t rodes
appl ied by the two d i f f e r e n t m e t h o d s ( 4 ) . No d i f f e r e n c e in the
m e a s u r e d ca rbon d i o x i d e tens ion was f o u n d . C o m p r e s s i o n o f the
e lec t rode on the o ther h a n d causes an e l e v a t i o n of the m e a s u r e d
p C 0 2 . This was d e m o n s t r a t e d in a s t u d y in w h i c h one e lec t rode was
placed u n d e r the ce rv i ca l edge . Th i s e lec t rode m e a s u r e d h i g h e r
tc-pC02 va lues w h i c h f l u c t u a t e d w i t h t he u t e r i n e c o n t r a c t i o n
c o m p a r e d to lower s table va lue s m e a s u r e d by a n o t h e r e lec t rode ,
w h i c h was no t compres sed ( 5 ) . The suc t ion f i x a t i o n m e t h o d m a k e s
i t possible d u r i n g a v a g i n a l e x a m i n a t i o n to m o v e the e lec t rode to
a pos i t ion w i t h o u t c o m p r e s s i o n .
Resu l t s
We have p e r f o r m e d m o n i t o r i n g w i t h an e lec t rode t e m p e r a t u r e o f
4 4 ° C (80 cases) and w i t h an e lec t rode t e m p e r a t u r e of 41°C (42
cases) . W h e n c o r r e l a t i n g the last m e a s u r e d t r a n s c u t a n e o u s ca rbon
dioxide value jus t be fo re de l ive ry to the ca rbon d iox ide tension
of u m b i l i c a l a r t e r y b lood we f o u n d s i g n i f i c a n t c o r r e l a t i o n s us ing
both e lec t rode t e m p e r a t u r e s . The regress ion l ine was close to the
iden t i t y l ine , bu t the i n t e r cep t on the Y - a x i s was m u c h h i g h e r
w h e n us ing the 41° C t e m p e r a t u r e t h a n w h e n u s i n g the 44°C
t e m p e r a t u r e . Th i s i n t e rcep t is an i n d i c a t i o n of the mean d i f -
f e r e n c e be tween the u m b i l i c a l a r t e r y b lood v a l u e and the t rans-
c u t a n e o u s v a l u e . Th i s cou ld be e x p l a i n e d by the lower t e m p e r a t u r e
caus ing less d i l a t a t i o n of the cap i l l a r i e s of the sk in and a
s u b s e q u e n t lower b lood f l o w and a c c u m u l a t i o n o f c a r b o n d iox ide in
the t issue.
The m e a n va lues of t c -pC02 are ca l cu la t ed a c c o r d i n g to the di la-
t a t ion of the ce rv i ca l os , s l igh t ly h i g h e r v a l u e s be ing f o u n d
us ing the low e l ec t rode t e m p e r a t u r e ( T a b l e 1 ) . The va lues were
s l igh t ly i n c r e a s i n g d u r i n g the f i r s t s tage and m o r e d i s t i nc t l y
inc reas ing d u r i n g the second stage of l a b o u r .
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D u r i n g o u r s tud ies o n l y s i x n e w b o r n s w e r e d e l i v e r e d w i t h u m b i l i -
ca l a r t e r y b lood pH b e l o w 7.15 f o l l o w i n g t r a n s c u t a n e o u s p C 0 2
m o n i t o r i n g . U s i n g the a b o v e m e n t i o n e d m e a n v a l u e s + 25D as u p p e r
l imi t f o r n o r m a l p C 0 2 o n l y 4 out of these 6 n e w b o r n s had v a l u e s
e x c e e d i n g this l i m i t . In all 6 cases t he r e was a d i s t inc t in-
c rease o f pC02 b e f o r e d e l i v e r y .
T a b l e 1 . M e a n -5D of f e t a l t r a n s c u t a n e o u s c a r b o n d i o x i d e t e n s i o n
a c c o r d i n g to the c e r v i c a l d i l a t a t i o n , m e a s u r e d a t d i f f e r e n t elec-
de t e m p e r a t u r e s .
4 cm 5 cm 6 cm 7 cm 8 cm 9 cm 10 cm PF
41° 6.16-1.17 6.84-1.67 7.07Ϊ1.72 7.01-1.42 7.15-1.66 7.23-1.40 7.33-1.47 7.86-2.06
n= 21 28 31 34 35 36 37 34
44° 5.82-0.80 5.97-0.75 6.01-0.88 5.96-0.89 6.18-1.11 6.20-1.05 6.37-1.05 7.17-1.13
n= 18 34 47 52 63 68 66 48
H o w e v e r , i f a l l s ix ac idot ic fe tuses ( U m b i l i c a l a r t e r y pH <7 .15)
s h o u l d be de tec ted by a f i x e d t c - p C 0 2 l imi t the u p p e r l imi t of
t c - p C 0 2 s h o u l d be as low as the m e a n v a l u e of t c -pC02 a c c o r d i n g
to o u r m a t e r i a l .
C o n c l u s i o n
C o n c l u d i n g , ou r s tud ies i n d i c a t e t ha t i f t c -pC02 m o n i t o r i n g i s
used as a s c r e e n i n g m e t h o d to e x c l u d e f e t a l ac idos i s , 50% of al l
f e t u s e s w o u l d need f u r t h e r e v a l u a t i o n b y f e t a l scalp b lood
s a m p l i n g . Th i s imp l i e s tha t in h i g h r i sk cases - and at least
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f o l l o w i n g a p a t h o l o g i c a l CTG - t c - p C 0 2 m o n i t o r i n g needs to be
s u p p l e m e n t e t by t i s s u e - p H m o n i t o r i n g in a b o u t h a l f o f the
p a t i e n t s , t he on ly a l t e r n a t i v e be ing r e p e a t e d scalp blood
s a m p l i n g .
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